The study aimed to compare the sensitivity of Staphylococcus isolates from hospital and non hospital sources to some commonly used antibiotics and biocides, and to investigate whether resistance to either types of antimicrobials are correlated. The minimum inhibitory concentrations (MICs) of the antibiotics and biocides were determined for clinical (47), hospital environment (64) and non hospital (33) isolates using agar dilution method. Arithmetic progression in biocides concentration was used instead of the geometric progression for antibiotics. Pearson's correlation coefficients (r) between MIC-MIC, Log MIC-Log MIC, and MIC-Log MIC for individual biocides and antibiotics, respectively, were compared. Also, the frequencies of antibiotic resistance among biocide-susceptible and biocide-resistant isolates were calculated.
INTRODUCTION
Microbial resistance to antibiotics is an increasing problem. Some evidences suggest that exposure to biocides (antiseptics and disinfectants) used in various setting may contribute to the increased occurrence of antibiotic resistance (Russell et al., 1998 Fraise 2002; Walsh et al., 2003; Sheldon et al.,2005 ; Weber and Rutala, 2006; Carson et al., 2008) .
Antibiotic and biocide antibacterial actions show many similarities despite some differences in terms of target, killing behaviour, clinical aspects (Poole 2007) and definition of resistance (McDonnell and Russell, 1999; Russell, 2003) . Some mechanisms of resistance, like efflux pumps, are common to both biocides and antibiotics and have been shown to act on a range of chemically dissimilar compounds (Levy, 2002; Maillard, 2007; Poole, 2007) .
Although the role of biocide use on development of antibiotic resistance is believed to be over emphasized (Jones, 1999) , research on the impact of biocide use on spread of antimicrobial resistance is urged (the Scientific Committee on Emerging and Newly Identified Health Risks, SCENIHR, ISSN 1110-5089 Vol 25, Issue 1, pp 1-11 ISSN (on-line) 2356_9786
2009). However, there are no standardized testing protocols that measure both biocide and antibiotic resistance in bacteria (SCENIHR, 2009) . Although many reports of bacterial resistance to biocides are based on MIC data, using MIC to measure bacterial resistance is arguable McDonnell 2000, Russell et al., 1998) . Unlike antibiotic, where resistance is manifested by very sharp change in MIC due to lack of or reduced susceptibility to the specific target, the biocide can affect multiple targets in microbial cell and loss of one of these targets leaves others still responsive (McDonnell and Russell, 1999) . This raises the question whether the two fold serial dilution protocol adopted for determination of MIC for antibiotics is a sensitive enough to detect the slight changes in susceptibility expected with biocides. There is a need for the development of standard protocols for the quantitative assessment of biocide induced resistance and cross resistance (SCENIHR, 2009) . S. aureus is a popular nosocomial pathogen that presents a therapeutic problem due to its ability to rapidly acquire resistance to frequently used drugs. The objective of the present study was to: first, verify whether MICs can be employed to correlate resistance to biocides and antibiotics in Staphylococcus species; and secondly, to find whether this possible correlation could vary according to isolates' background by comparing MICs for isolates from various sources with the likelihood of exposure to biocides and/or antibiotics.
MATERIALS and METHODS:

Bacterial isolates
The The isolates were identified according to Koneman et al (1997) .
Antimicrobials and culture media
Pharmaceutical grades of antibiotics and biocides were obtained from the local pharmaceutical companies. Oxacillin , vancomycin, chlorhexidine HCl, benzalkonium chloride, cetrimide, phenyl mercuric nitrate, ethidium bromide and chlorocresol were obtained from Sigma Chemical Company, St. Louis, Mo, USA. Culture media and oxacillin discs were obtained form from Oxoid, Hampshire, England.
Detection of methicillin resistance
Detection of methicillin resistance was carried out using oxacillin discs (1 µg) according to NCCLS (1993) .
Determination of minimum inhibitory concentration (MIC)
The MICs of antimicrobial agents were determined using agar dilution method according to NCCLS (1997) . For biocides, increasing concentrations with constant increments (arithmetic progression) were made in Mueller-Hinton agar instead of twofold serial dilution. The isolates were categorized as antibiotic resistant or sensitive according to NCCL breakpoints. Resistance breakpoints to chlorocresol, benzalkonium chloride, cetrimide, chlorhexidine, phenyl mercuric nitrate, ethidium bromide and povidone-Iodine was assumed by MIC values equal to or greater than 250 μg ml -1 , 5.0 μg ml -1 , 8.0 μg ml -1 , 2.0 μg ml -1 , 0.2 μg ml -1 , 10.0 μg ml -1 , and 2500 μg ml -1 , respectively.
Statistical Analysis
To investigate the degree of crossresistance between two antimicrobials, Pearson's correlation coefficients (r), which give a measure of the strength of any linear relationship between MIC values (or their log 10 derivatives) of the two antimicrobials, were calculated using Prism software (GraphPad software, Inc. La Jolla, CA, USA version 5.01) at the same two tailed P <0.05. For an exact relationship, the correlation is 1 or -1, depending on the relationship and if there is no linear relationship, the correlation tends to zero. MIC data were transformed into log 10 MIC and either MIC-MIC, log MIC-MIC, or log MIC-log MIC combinations for antibiotics and biocides, respectively were used and data were compared for magnitude of the coefficient and discrepancies between them in terms of significance and non significance.
RESULTS:
Detection of methicillin resistance among Staphylococcus isolates Higher percentages of methicillin resistant isolates were found among clinical (31.9%), and hospital environment isolates (28.1%) compared to non hospital environmental isolates (9.1%).
Resistance of Staphylococcus isolates to antimicrobial agents
Relatively higher resistance rates to individual antibiotics and biocides were found among isolates from hospital compared to non hospital isolates (Table 1) . 
Comparison of susceptibility of isolates to biocides and antibiotics
Pearson's correlation coefficient (r) between MIC-MIC, MIC-log MIC, and log MIC-log MIC were calculated for individual groups and total isolates. Pearson's coefficients (r) for MIC values and their significance are shown in tables (2-5). In case of discrepancy in the interpretation of significance of correlation between MIC-MIC comparison and each of log MIC-MIC or log MIC-log MIC, it was indicated as superscript. 
DISCUSSION:
Much concern has been raised on the role of widespread use of biocides in various fields including healthcare setting on the development of antibiotic (emergence or selection) resistance among microbes Levy 2002; Sheldon, 2005; Weber and Rutala, 2006) . The present study aimed to investigate the antibiotic and biocide resistance profiles for staphylococcal isolates from hospital and non hospital sources and to find out any correlation (or cross resistance) between resistances to either agent.
The study focused on Staphylococcus species, as one of the most common pathogens in clinical setting with reputation of rapidly developing resistance to most chemotherapeutic antimicrobial agents (Johnson et al., 2003; Huang et al., 2007) . The approach adopted in the present study was to recover staphylococcal isolates from various sources with likelihood of exposure to antibiotics, biocides, or both, if any, and to compare their susceptibility to selected group of antibiotics and biocides. In general, the study clearly demonstrated higher methicillin and other antibiotic resistance rates among isolates from clinical and hospital environmental settings compared to the non hospital isolates. This was quite evident for the β-lactam antibiotics, azithromycin, and gentamicin, but not with streptomycin, tetracycline, and ciprofloxacin, probably reflecting the infrequent use of the first two and the widespread use of the latter. The relatively higher rates in resistance to ISSN 1110-5089 Vol 25, Issue 1, pp 1-11 ISSN (on-line) 2356_9786
antibiotics and biocides among hospital isolates could in part be attributed to the high proportion of multi drug resistant methicillin resistant isolates that prevail in hospital setting (Al-Masaudi, et al, 1991; Cookson et al, 1991; Akimitsu et al., 1999; Irizarry et al, 1996; Lambert, 2004; Suller and Russell, 1999) . As they have more subtle targets, resistance to antibiotics is reflected as a distinctive rise in the MICs that could be easily detected by two fold serial dilution procedure for determination of MIC. However, this dilution pattern may not be suitable for detection of the slight changes in MICs attributed to loss or reduced sensitivity to one of the multiple targets of the given biocide. Therefore, arithmetic rather than geometric progression was used for determination of MIC of biocides, and subsequently comparison based on the log MIC values that seem to be more reasonable and was proposed.
Pearson's correlation coefficients between MIC-MIC, log MIC-MIC, and log MIC-log MIC for antibiotic-biocide pairs were determined and compared. The three values for each antibiotic-biocide pair were compared for agreements and discrepancies (odds) with respect to the significance or non significance, of the potential correlation (table  13) . Out of the three comparisons, log MIC for antibiotic versus MIC for biocide seemed to be the most representative for trends with the least number of odds, followed by log MIC-log MIC comparison and finally came the MIC-MIC comparison. Yet, all three comparisons, with few exceptions, confirmed significant correlations.
For hospitals' isolates and except for chlorhexidine and povidone-iodine and occasionally with phenyl mercuric nitrate, a positive correlation was found between resistance to the tested biocide and most of the tested antibiotics. For non-hospital isolates only cetrimide resistance correlated with antibiotic resistance. Collectively for the combined isolates, however, the positive correlation was found between antibiotics and biocides except for chlorhexidine and povidone-iodine.
Another way to correlate biocide resistance with antibiotic resistance was to compare the percentage of isolates resistant to individual antibiotics for biocide resistant and susceptible isolates. Except for chlorhexidine and povidone-iodine, the frequency of antibiotic resistance was higher among biocide resistant than biocide susceptible isolates. Surprisingly, the frequencies of antibiotic resistance were higher among the biocide sensitive than in the biocide resistant isolates for chlorhexidine or povidone-iodine.
In conclusion, the current study demonstrates high frequency of resistance of Staphylococcus isolates from hospital sources to some common antimicrobial agents and a positive correlation between biocides and antibiotics resistance was proven. Exceptions from this were with chlorhexidine and povidone-iodine, where resistance did not correlate with resistance to antibiotics. The study demonstrates the validity of the proposed approch for correlating antibiotic and biocide resistance based on MIC data and also demonstrates high antibiotic and biocide resistance in hospital setting.
